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The interelectronic-interaction effect on the transition probabilities in high-Z He-like ions is in-
vestigated within a systematic quantum electrodynamic approach. The calculation formulas for the
interelectronic-interaction corrections of first order in 1/Z are derived using the two-time Green
function method. These formulas are employed for numerical evaluations of the magnetic transition
probabilities in heliumlike ions. The results of the calculations are compared with experimental
values and previous calculations.
PACS numbers: 32.70.Cs, 31.30.Jv
I. INTRODUCTION
During the last few years, transition probabilities in heliumlike ions were calculated by a number of authors [1, 2,
3, 4]. In these calculations, the interelectronic-interaction effects on the transition probabilities were accounted for
by employing the relativistic many-body perturbation theory (RMBPT) [1, 2, 4] and the multiconfiguration Dirac-
Fock (MCDF) method [3]. Since these methods are based on using the Coulomb-Breit hamiltonian, they have to
deal with a separate treatment of the positive- and negative-energy state contributions. As was first indicated in
[3], the contribution from the negative-continuum contribution is very sensitive to the choice of the one-electron
model potential, which is used as the starting point of any RMBPT or MCDF calculation. In particular, using a
standard Dirac-Fock approximation, in [3] it has been demonstrated that to achieve the agreement between theory
and experiment for the magnetic dipole transition 23S1 → 11S0 it is necessary to take into account both correlation
and negative-continuum effects. This statement is closely related to a problem of significant numerical cancellations
that may occur in low-Z systems, if an improper one-electron approximation is used. For a rigorous QED approach
for low-Z systems and corresponding calculations we refer to [5, 6].
The main goal of the present paper is to perform a complete QED calculation of the interelectronic-interaction
correction of first order in 1/Z to the magnetic transition probabilities in high-Z He-like ions. To derive the calculation
formulas for these corrections from the first principles of QED we use the two-time Green function method developed
in [7, 8, 9] and described in details in [10]. In Sec. II, we formulate the basic equations of this method for the case of
nondegenerate states and apply it for the derivation of the desired formulas. The numerical results for the transitions
23S1 → 11S0, 23P2 → 11S0, and 33S1 → 23S1 are presented in Sec. III. Both Feynman and Coulomb gauges are used
for the photon propagator to demonstrate the gauge independence of the final results. The results of the calculations
are compared with previous theoretical results and with experiment.
The relativistic units (h¯ = c = 1) and the Heaviside charge unit ( α = e2/(4π), e < 0 ) are used in the paper.
II. BASIC FORMULAS
We consider the transition of a high-Z two-electron ion from an initial state a to a final state b with the emission
of a photon with momentum kf and polarization ǫf . The transition probability is given as
dW = 2π|τγf ,b;a|2δ(Eb + k0f − Ea)dkf , (1)
where τγf ,b;a is the transition amplitude which is connected with the S-matrix element by
〈kf , ǫf ; b|S|a〉 = 2πiτγf ,b;aδ(εb + k0f − εa) , (2)
and k0f ≡ |kf |.
2We assume that in zeroth (one-electron) approximation the initial and final states of the ion are described by
one-determinant wave functions
ua(x1,x2) =
1√
2
∑
P
(−1)PψPa1(x1)ψPa2(x2) , (3)
ub(x1,x2) =
1√
2
∑
P
(−1)PψPb1(x1)ψPb2(x2) . (4)
To describe the process under consideration we introduce the Green function gγf ,b;a(E
′, E) by
gγf ,b;a(E
′, E)δ(E′ + k0 − E) = 1
2!
∫ ∞
−∞
dp01dp
0
2dp
′0
1 dp
′0
2
×δ(E − p01 − p02)δ(E′ − p′01 − p′02 )
×
∫
dx1dx2dx
′
1dx
′
2u
†
b(x
′
1,x
′
2)
×Gγf ((p′01 ,x′1), (p′02 ,x′2); k0; (p01,x1), (p02,x2))γ01γ02ua(x1,x2) , (5)
where
Gγf ((p
′0
1 ,x
′
1), (p
′0
2 ,x
′
2); k
0; (p01,x1), (p
0
2,x2))
=
2π
i
1
(2π)5
∫ ∞
−∞
dx01dx
0
2dx
′0
1 dx
′0
2
∫
d4y
× exp (ip′01 x′01 + ip′02 x′02 − ip01x01 − ip02x02 + ik0y0)
×Aν∗f (y)〈0|Tψ(x′1)ψ(x′2)jν(y)ψ(x2)ψ(x1)|0〉 (6)
is the Fourier transform of the four-time Green function describing the process, ψ(x) is the electron-positron field
operator in the Heisenberg representation, and
Aνf (x) =
ǫνf exp (ikf · x)√
2k0f(2π)
3
(7)
is the wave function of the emitted photon. The transition amplitude Sγf ,b;a ≡ 〈kf , ǫf ; b|S|a〉 is calculated by [7, 8, 10]
Sγf ,b;a = Z
−1/2
3 δ(Eb + k
0
f − Ea)
∮
Γb
dE′
∮
Γa
dEgγf ,b;a(E
′, E)
×
[ 1
2πi
∮
Γb
dEgbb(E)
]−1/2[ 1
2πi
∮
Γa
dEgaa(E)
]−1/2
. (8)
Here gaa(E) is defined by
gaa(E)δ(E
′ − E) = 2π
i
1
2!
∫ ∞
−∞
dp01dp
0
2dp
′0
1 dp
′0
2
×δ(E − p01 − p02)δ(E′ − p′01 − p′02 )
×
∫
dx1dx2dx
′
1dx
′
2 × u†a(x′1,x′2)G
(
(p′01 ,x
′
1), (p
′0
2 ,x
′
2); (p
0
1,x1), (p
0
2,x2)
)
γ01γ
0
2ua(x1,x2) , (9)
where
G((p′01 ,x
′
1), (p
′0
2 ,x
′
2); (p
0
1,x1), (p
0
2,x2))
=
1
(2π)4
∫ ∞
−∞
dx01dx
0
2dx
′0
1 dx
′0
2 exp (ip
′0
1 x
′0
1 + ip
′0
2 x
′0
2 − ip01x01 − ip02x02)
×〈0|Tψ(x′1)ψ(x′2)ψ(x2)ψ(x1)|0〉 (10)
is the Fourier transform of the four-time Green function describing the ion; gbb(E) is defined by a similar equation.
The contours Γa and Γb surround the poles corresponding to the initial and final levels and keep outside all other
singularities of the Green functions. It is assumed that they are oriented anticlockwise. The Green functions G and
Gγf are constructed by perturbation theory after the transition to the interaction representation and using Wick’s
theorem. The Feynman rules for G and Gγf are given, e.g., in [10].
Below we consider the transition probability in high-Z He-like ion to zeroth and first order in 1/Z.
3A. Zeroth order approximation
To zeroth order in 1/Z the transition amplitude is described by the diagrams shown in Fig. 11. Formula (8) gives
S
(0)
γf ,b;a
= δ(Eb + k
0
f − Ea)
∮
Γb
dE′
∮
Γa
dE g
(0)
γf ,b;a
(E′, E) , (11)
where the superscript indicates the order in 1/Z. According to definition (5) and the Feynman rules for Gγf [10], we
have
g
(0)
γf ,b;a
(E′, E)δ(E′ + k0 − E)
=
∑
P
(−1)P
∫ ∞
−∞
dp01dp
0
2dp
′0
1 dp
′0
2 δ(E − p01 − p02)δ(E′ − p′01 − p′02 )
×
{
〈Pb1| i
2π
∑
n1
|n1〉〈n1|
p′01 − εn1(1 − i0)
2π
i
eαµδ(p
′0
1 + k
0 − p01)Aµ∗f
× i
2π
∑
n2
|n2〉〈n2|
p01 − εn2(1− i0)
|a1〉〈Pb2| i
2π
∑
n3
|n3〉〈n3|
p02 − εn3(1− i0)
|a2〉δ(p′02 − p02)
+〈Pb1| i
2π
∑
n1
|n1〉〈n1|
p01 − εn1(1− i0)
|a1〉δ(p′01 − p01)
×〈Pb2| i
2π
∑
n2
|n2〉〈n2|
p′02 − εn2(1− i0)
2π
i
eαµδ(p
′0
2 + k
0 − p02)Aµ∗f
i
2π
∑
n3
|n3〉〈n3|
p02 − εn3(1 − i0)
|a2〉
}
, (12)
where αµ = γ0γµ = (1,α). One obtains
g
(0)
γf ,b;a
(E′, E) =
( i
2π
)2 ∫ ∞
−∞
dp01
1
p01 − (E − E′)− εb1 + i0
〈b1|eαµAµ∗f |a1〉
1
p01 − εa1 + i0
δa2b2
E − p01 − εa2 + i0
+
( i
2π
)2 ∫ ∞
−∞
dp02
1
p02 − (E − E′)− εb2 + i0
〈b2|eαµAµ∗f |a2〉
1
p02 − εa2 + i0
δa1b1
E − p02 − εa1 + i0
(13)
=
i
2π
1
E′ − E(0)b
[〈b1|eαµAµ∗f |a1〉δa2b2 + 〈b2|eαµAµ∗f |a2〉δa1b1 ]
1
E − E(0)a
, (14)
where E
(0)
a = εa1 + εa2 and E
(0)
b = εb1 + εb2 . Substituting this expression into equation (11) and integrating over E
and E′ we find
S
(0)
γf ,b;a
= −2πiδ(Eb + k0f − Ea)[〈b1|eαµAµ∗f |a1〉δa2b2 + 〈b2|eαµAµ∗f |a2〉δa1b1 ] (15)
or, according to definition (2),
τ
(0)
γf ,b;a
= −[〈b1|eαµAµ∗f |a1〉δa2b2 + 〈b2|eαµAµ∗f |a2〉δa1b1] . (16)
The corresponding transition probability is
dW (0) = 2π|τ (0)γf ,b;a|2δ(Eb + k0f − Ea)dkf . (17)
B. Interelectronic-interaction corrections of first order in 1/Z
The interelectronic-interaction corrections to the transition amplitude of first order in 1/Z are defined by diagrams
shown in Fig. 2a,b. Formula (8) yields in the order under consideration
S
(1)
γf ,b;a
= δ(Eb + k
0
f − Ea)
[∮
Γb
dE′
∮
Γa
dE g
(1)
γf ,b;a
(E′, E)
−1
2
∮
Γb
dE′
∮
Γa
dE g
(0)
γf ,b;a
(E′, E)
( 1
2πi
∮
Γa
dE g(1)aa (E) +
1
2πi
∮
Γb
dE g
(1)
bb (E)
)]
, (18)
4where g
(1)
aa (E) and g
(1)
bb (E) are defined by the first order interelectronic-interaction diagram (Fig. 3). Let us consider
first the contribution of the diagrams shown in Fig. 2a. According to the definition (5) and the Feynman rules for
Gγf [10], we have
g
(1a)
γf ,b;a
(E′, E)δ(E′ + k0 − E)
=
∑
P
(−1)P
∫ ∞
−∞
dp01dp
0
2dp
′0
1 dp
′0
2 δ(E − p01 − p02)δ(E′ − p′01 − p′02 )
×
( i
2π
)3 ∫ ∞
−∞
dq0dω
{ 1
p′01 − εPb1 + i0
∑
n
〈Pb1|eαµAµ∗f |n〉
1
q0 − εn(1− i0)
×〈nPb2|I(ω)|a1a2〉 1
p01 − εa1 + i0
1
p′02 − εPb2 + i0
1
p02 − εa2 + i0
×δ(p01 − ω − q0)δ(q0 − k0 − p′01 )δ(p02 + ω − p′02 )
+
1
p′02 − εPb2 + i0
∑
n
〈Pb2|eαµAµ∗f |n〉
1
q0 − εn(1− i0)
×〈Pb1n|I(ω)|a1a2〉 1
p02 − εa2 + i0
1
p′01 − εPb1 + i0
1
p01 − εa1 + i0
×δ(p02 − ω − q0)δ(q0 − k0 − p′02 )δ(p01 + ω − p′01 )
}
, (19)
where I(ω) = e2αµανDµν(ω) and
Dρσ(ω,x− y) = −gρσ
∫
dk
(2π)3
exp (ik · (x− y))
ω2 − k2 + i0 (20)
is the photon propagator in the Feynman gauge. One finds
g
(1a)
γf ,b;a
(E′, E) =
( i
2π
)3∑
P
(−1)P
∑
n
∫ ∞
−∞
dp02dp
′0
2
1
p′02 − εPb2 + i0
1
E′ − p′02 − εPb1 + i0
× 1
p02 − εa2 + i0
1
E − p02 − εa1 + i0
〈Pb1|eαµAµ∗f |n〉
× 1
E − p′02 − εn(1− i0)
〈nPb2|I(p′02 − p02)|a1a2〉
+
( i
2π
)3∑
P
(−1)P
∑
n
∫ ∞
−∞
dp01dp
′0
1
1
p′01 − εPb1 + i0
1
E′ − p′01 − εPb2 + i0
× 1
p01 − εa1 + i0
1
E − p01 − εa2 + i0
〈Pb2|eαµAµ∗f |n〉
× 1
E − p′01 − εn(1− i0)
〈Pb1n|I(p′01 − p01)|a1a2〉 . (21)
The expression (21) is conveniently divided into irreducible and reducible parts. The reducible part is the one with
εPb2 + εn = E
(0)
a in first term and with εPb1 + εn = E
(0)
a in second term. The irredicible part is the reminder. Using
the identities
1
p01 − εa1 + i0
1
E − p01 − εa2 + i0
=
1
E − E(0)a
( 1
p01 − εa1 + i0
+
1
E − p01 − εa2 + i0
)
, (22)
1
p′01 − εPb1 + i0
1
E′ − p′01 − εPb2 + i0
=
1
E′ − E(0)b
( 1
p′01 − εPb1 + i0
+
1
E′ − p′01 − εPb2 + i0
)
, (23)
we obtain for the irreducible part
τ
(1a,irred)
γf ,b;a
=
1
2πi
∮
Γb
dE′
∮
Γa
dE g
(1a,irred)
γf ,b;a
(E′, E)
=
1
2πi
∮
Γb
dE′
∮
Γa
dE
1
E′ − E(0)b
1
E − E(0)a
5×
{∑
P
(−1)P
( i
2π
)3 ∫ ∞
−∞
dp02dp
′0
2
( 1
p′02 − εPb2 + i0
+
1
E′ − p′02 − εPb1 + i0
)
×
( 1
p02 − εa2 + i0
+
1
E − p02 − εa1 + i0
) εPb2+εn 6=E(0)a∑
n
〈Pb1|eαµAµ∗f |n〉
× 1
E − p′02 − εn(1− i0)
〈nPb2|I(p′02 − p02)|a1a2〉
+
∑
P
(−1)P
( i
2π
)3 ∫ ∞
−∞
dp01dp
′0
1
( 1
p′01 − εPb1 + i0
+
1
E′ − p′01 − εPb2 + i0
)
×
( 1
p01 − εa1 + i0
+
1
E − p01 − εa2 + i0
) εPb1+εn 6=E(0)a∑
n
〈Pb2|eαµAµ∗f |n〉
× 1
E − p′01 − εn(1− i0)
〈Pb1n|I(p′01 − p01)|a1a2〉
}
. (24)
The expression in the curly braces of equation (24) is a regular function of E or E′ when E ≈ E(0)a and E′ ≈ E(0)b
(see [10] for details). Calculating the residues and taking into account the identity
i
2π
( 1
x+ i0
+
1
−x+ i0
)
= δ(x) , (25)
we find
τ
(1a,irred)
γf ,b;a
= −
∑
P
(−1)P
{εPb2+εn 6=E(0)a∑
n
〈Pb1|eαµAµ∗f |n〉
1
E
(0)
a − εPb2 − εn
〈nPb2|I(εPb2 − εa2)|a1a2〉
+
εPb1+εn 6=E
(0)
a∑
n
〈Pb2|eαµAµ∗f |n〉
1
E
(0)
a − εPb1 − εn
〈Pb1n|I(εPb1 − εa1)|a1a2〉
}
. (26)
A similar calculation of the irreducible part of the diagrams shown in Fig. 2b yields
τ
(1b,irred)
γf ,b;a
= −
∑
P
(−1)P
{εa2+εn 6=E(0)b∑
n
〈Pb1Pb2|I(εPb2 − εa2)|na2〉
1
E
(0)
b − εa2 − εn
〈n|eαµAµ∗f |a1〉
+
εa1+εn 6=E
(0)
b∑
n
〈Pb1Pb2|I(εPb1 − εa1)|a1n〉
1
E
(0)
b − εa1 − εn
〈n|eαµAµ∗f |a2〉
}
. (27)
For the reducible part of the diagrams shown in Fig. 2a we have
τ
(1a,red)
γf ,b;a
=
1
2πi
∮
Γb
dE′
∮
Γa
dE g
(1a,red)
γf ,b;a
(E′, E)
=
1
2πi
∮
Γb
dE′
∮
Γa
dE
1
E′ − E(0)b
1
E − E(0)a
{∑
P
(−1)P
( i
2π
)3 ∫ ∞
−∞
dp02dp
′0
2
×
εPb2+εn=E
(0)
a∑
n
[ 1
E − E(0)a
( 1
p′02 − εPb2 + i0
+
1
E − p′02 − εn + i0
)
+
1
E′ − p′02 − εPb1 + i0
1
E − p′02 − εn + i0
]( 1
p02 − εa2 + i0
+
1
E − p02 − εa1 + i0
)
×〈Pb1|eαµAµ∗f |n〉〈nPb2|I(p′02 − p02)|a1a2〉
+
∑
P
(−1)P
( i
2π
)3 ∫ ∞
−∞
dp01dp
′0
1
εPb1+εn=E
(0)
a∑
n
6×
[ 1
E − E(0)a
( 1
p′01 − εPb1 + i0
+
1
E − p′01 − εn + i0
)
+
1
E′ − p′01 − εPb2 + i0
1
E − p′01 − εn + i0
]( 1
p01 − εa1 + i0
+
1
E − p01 − εa2 + i0
)
×〈Pb2|eαµAµ∗f |n〉〈Pb1n|I(p′01 − p01)|a1a2〉
}
. (28)
Calculating the residues at E′ = E
(0)
b and E = E
(0)
a and using the identity (25), we obtain
τ
(1a,red)
γf ,b;a
=
∑
P
(−1)P
{εPb2+εn=E(0)a∑
n
[ i
2π
∫ ∞
−∞
dp02
1
(εa2 − p02 + i0)2
〈Pb1|eαµAµ∗f |n〉〈nPb2|I(εPb2 − p02)|a1a2〉
]
+
εPb1+εn=E
(0)
a∑
n
[ i
2π
∫ ∞
−∞
dp01
1
(εa1 − p01 + i0)2
〈Pb2|eαµAµ∗f |n〉〈Pb1n|I(εPb1 − p01)|a1a2〉
]}
. (29)
We have assumed that the unperturbed states a and b are described by one-determinant wave functions (3) and (4). It
implies that, in equation (29), we have to consider (Pb2, n) = (a1, a2) or (a2, a1) in first term and (Pb1, n) = (a1, a2)
or (a2, a1) in second term. Therefore, the reducible part contributes only in the case when the states a and b have at
least one common one-electron state. In what follows, we assume a1 = b1 and a2 6= b2. We obtain
τ
(1a,red)
γf ,b;a
=
i
2π
∫ ∞
−∞
dω 〈b2|eαµAµ∗f |a2〉
( 〈a1a2|I(ω)|a1a2〉
(ω − i0)2 −
〈a2a1|I(ω)|a1a2〉
(ω −∆a − i0)2
)
, (30)
where ∆a ≡ εa2 − εa1 . A similar calculation of the reducible part of the diagrams shown in Fig. 2b gives
τ
(1b,red)
γf ,b;a
=
i
2π
∫ ∞
−∞
dω 〈b2|eαµAµ∗f |a2〉
( 〈b1b2|I(ω)|b1b2〉
(ω − i0)2 −
〈b2b1|I(ω)|b1b2〉
(ω −∆b − i0)2
)
, (31)
where ∆b ≡ εb2 − εb1 . The reducible contribution has to be considered together with second term in formula (18).
Taking into account that
1
2πi
∮
Γa
dE g(1)aa (E) = −
i
2π
[
2
∫ ∞
−∞
dp′01
1
(p′0 − εa1 − i0)2
〈a1a2|I(p′01 − εa1)|a1a2〉
−
∫ ∞
−∞
dp′01
1
(p′01 − εa2 − i0)2
〈a2a1|I(p′01 − εa1)|a1a2〉
−
∫ ∞
−∞
dp01
1
(p01 − εa1 − i0)2
〈a2a1|I(p01 − εa2)|a1a2〉 (32)
and a similar equation for the final state, one finds
−1
2
∮
Γb
dE′
∮
Γa
dE g
(0)
γf ,b;a
(E′, E)
(
1
2πi
∮
Γa
dE g(1)aa (E) +
1
2πi
∮
Γb
dE g
(1)
bb (E)
)
=
1
2
〈b2|eαµAµ∗f |a2〉
∫ ∞
−∞
dω
{
2
〈a1a2|I(ω)|a1a2〉
(ω − i0)2 + 2
〈b1b2|I(ω)|b1b2〉
(ω − i0)2
−〈a2a1|I(ω)|a1a2〉
[ 1
(ω −∆a − i0)2 +
1
(ω +∆a − i0)2
]
−〈b2b1|I(ω)|b1b2〉
[ 1
(ω −∆b − i0)2 +
1
(ω +∆b − i0)2
]}
. (33)
Summing (30), (31), and (33), we obtain for the total reducible contribution
τ
(1,red)
γf ,b;a
= −1
2
〈b2|eαµAµ∗f |a2〉
i
2π
∫ ∞
−∞
dω
{
〈a2a1|I(ω)|a1a2〉
7×
[
1
(ω +∆a + i0)2
− 1
(ω +∆a − i0)2
]
+〈b2b1|I(ω)|b1b2〉
[
1
(ω +∆b + i0)2
− 1
(ω +∆b − i0)2
]}
. (34)
Here we have employed the symmetry property of the photon propagator: I(ω) = I(−ω). Using the identity
1
(ω + i0)2
− 1
(ω − i0)2 = −
2π
i
d
dω
δ(ω) (35)
and integrating by parts, we find
τ
(1,red)
γf ,b;a
=
1
2
〈b2|eαµAµ∗f |a2〉[〈a2a1|I ′(∆a)|a1a2〉+ 〈b2b1|I ′(∆b)|b1b2〉] , (36)
where I ′(∆) ≡ dI(ω)dω
∣∣∣
ω=∆
and it is implied that a1 = b1. The total expression for τ
(1)
γf ,b;a
(in the case a1 = b1) is given
by the sum of equations (26), (27), and (36):
τ
(1)
γf ,b;a
= τ
(1a,irred)
γf ,b;a
+ τ
(1b,irred)
γf ,b;a
+ τ
(1,red)
γf ,b;a
. (37)
In addition to the interelectronic-interaction correction derived above, we must take into account the contribution
originating from changing the photon energy in the zeroth order transition probability (17) due to the interelectronic-
interaction correction to the energies of the bound states a and b. It follows that the total interelectronic-interaction
correction to the transition probability of first order in 1/Z is given by
dW
(1)
γf ,b;a
= 2π(k0f )
22Re
{
τ
(0)∗
γf ,b;a
τ
(1)
γf ,b;a
}
dΩf +
[
dW
(0)
γf ,b;a
∣∣∣
k0
f
=Ea−Eb
− dW (0)γf ,b;a
∣∣∣
k0
f
=E
(0)
a −E
(0)
b
]
, (38)
where Ea, Eb and E
(0)
a , E
(0)
b are the energies of the bound states a, b with and without the interelectronic-interaction
correction, respectively.
III. NUMERICAL RESULTS AND DISCUSSION
To evaluate the one-electron transition matrix elements, the explicit formulas given in [2] have been used. Infinite
summations over the electron spectrum in equations (26) and (27) have been performed by using the finite basis set
method. Basis functions have been constructed from B-splines by employing the procedure proposed in [11]. All the
calculations have been carried out for the homogeneously charged sphere model of the nuclear charge distribution.
The values for the nuclear radii were taken from [12].
In Tables I, II, and III, we present our numerical results for the decay rates of the magnetic transitions 23S1 → 11S0,
23P2 → 11S0, and 33S1 → 23S1, respectively. The values presented in the upper and lower parts of the tables have
been obtained in the Feynman and Coulomb gauges for the photon propagator, respectively. The transition energies
used in the calculation were taken from [2, 4]. The contribution due to the frequency dependence of the photon
propagator (∆Wfreq) and the negative-continuum contribution (∆We+e−) are given in these tables as well. It can be
seen from the tables that the total values of the transition probabilities in the different gauges coincide with each
other.
As one can see from Tables I and II, for the decays with ∆S 6= 0, the frequency-dependent correction is of the
same and even larger magnitude than the negative-continuum contribution. However, this is not the case for the
33S1 → 23S1 transition, where the correction ∆Wfreq is small compared to the ∆We+e− term. The behavior of the
negative-continuum correction as a function of the nuclear charge number Z agrees well with the scaling ratio of the
negative- to positive-energy contributions found in [4] for all the transitions under consideration.
In Tables IV and V, we compare our results with the previous calculations [2, 3, 4] that partially include the 1/Z2
and higher order terms but do not account for the frequency-dependent contribution. In Table IV, the experimental
data for the most precisely measured transition 23S1 → 11S0 are also presented. In the last column of this table our
results are combined with the radiative corrections that are beyond the ones already included in the transition energy.
These corrections were recently evaluated in [13] for the 2s1/2 → 1s1/2 transition in hydrogenic ions for Z ≥ 50. Since
we consider high-Z two-electron ions, we can assume that the one-electron (hydrogenlike) approximation is sufficient
to evaluate the related correction in He-like ions. We have extrapolated these data for Z < 50 and interpolated
8for Z = 54. The uncertainties due to the extrapolation of the radiative corrections and uncalculated 1/Z2 and
higher order terms are indicated in parentheses. In Table V, the comparison with the RMBPT calculations [4] is
presented for the transitions 23P2 → 11S0 and 33S1 → 23S1. The uncertainties due to uncalculated radiative and
higher order interelectronic-interaction corrections are also indicated. From Tables I and IV, it can be seen that the
frequency-dependent contribution is smaller than the current experimental accuracy.
In summary, we have presented a systematic quantum electrodynamic theory for the interelectronic-interaction
corrections of first order in 1/Z to the transition probabilities in heliumlike ions. The numerical evaluation of these
corrections to the magnetic transition probabilities has been performed and the equivalence of the Feynman and
Coulomb gauges has been demonstrated. The results of the calculations performed have been compared with previous
RMBPT calculations and with experiment.
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9TABLE I: The decay rates of the magnetic dipole transition 23S1 → 1
1S0 in units s
−1. The negative-continuum contribution
∆W
e
+
e
− and the frequency-dependent correction ∆Wfreq are expressed in % with respect to the main term W . Wtot is the
total decay rate value. The values presented in the upper part of the table were calculated in the Feynman gauge, whereas the
results presented in the lower part were obtained using the Coulomb gauge.
Z W ∆W
e
+
e
− ∆Wfreq Wtot
30 8.9994 × 108 -0.043% -0.029% 8.9929 × 108
50 1.7303 × 1011 -0.08% -0.042% 1.7282 × 1011
70 5.9872 × 1012 -0.132% -0.045% 5.9766 × 1012
90 9.4551 × 1013 -0.205% -0.036% 9.4323 × 1013
30 9.0012 × 108 -0.05% -0.042% 8.9929 × 108
50 1.7308 × 1011 -0.09% -0.062% 1.7282 × 1011
70 5.9896 × 1012 -0.145% -0.073% 5.9766 × 1012
90 9.4596 × 1013 -0.218% -0.070% 9.4323 × 1013
TABLE II: The decay rates of the magnetic quadrupole transition 23P2 → 1
1S0 in units s
−1. The negative-continuum
contribution ∆W
e
+
e
− and the frequency-dependent correction ∆Wfreq are expressed in % with respect to the main term W .
Wtot is the total decay rate value. The values presented in the upper part of the table were calculated in the Feynman gauge,
whereas the results presented in the lower part were obtained using the Coulomb gauge.
Z W ∆W
e
+
e
− ∆Wfreq Wtot
30 2.1047 × 1010 -0.0001% 0.021% 2.1052 × 1010
50 1.3654 × 1012 -0.001% 0.038% 1.3660 × 1012
70 2.1480 × 1013 -0.005% 0.063% 2.1493 × 1013
90 1.7231 × 1014 -0.017% 0.097% 1.7245 × 1014
30 2.1051 × 1010 -0.0001% 0.001% 2.1052 × 1010
50 1.3659 × 1012 -0.001% 0.005% 1.3660 × 1012
70 2.1491 × 1013 -0.005% 0.014% 2.1493 × 1013
90 1.7242 × 1014 -0.017% 0.033% 1.7245 × 1014
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FIG. 1: The photon emission by a heliumlike ion in zeroth order approximation.
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FIG. 2: The 1/Z interelectronic-interaction corrections to the photon emission by a heliumlike ion.
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FIG. 3: One-photon exchange diagram.
